Introduction: Anxiety is a common symptom for those experiencing dementia and is associated with worse outcomes. The aim of the study was to examine which anxiety tools have been validated compared with a gold standard diagnostic criterion in persons with dementia. Methods: We completed a systematic review of the literature, which was registered a priori with PROSPERO (CRD42016042123). Three databases were searched, MEDLINE, EMBASE, and PsycINFO, as well as the gray literature. Abstracts and full text were searched in duplicate for inclusion. Risk of bias was assessed in duplicate.
Introduction
Anxiety is a pervasive disorder that increases the symptom burden for persons with dementia [1] . Twenty five to seventy percent of those experiencing dementia have anxiety symptoms [1, 2] . Anxiety often correlates with poor quality of life, poor physical function, increased caregiver burden [1] , cognitive impairment [3] , and increased admission to nursing home [1, 4, 5] . Anxiety is more frequent when persons with dementia have an insight into their illness [6] , early-onset disease, or less severe cognitive impairment [7] .
Diagnosing anxiety in those experiencing dementia is often difficult because of overlapping symptoms with their primary neurodegenerative condition, other neuropsychiatric symptoms, severity of dementia, reliance on caregiver reports, and the lack of agreed-upon diagnostic criteria specific to dementia [1, 8] . There are also several subtypes of anxiety disorders including generalized anxiety disorders (GADs) [9, 10] , panic disorder, and anxiety not otherwise specified [11] .
Anxiety in persons with dementia is frequently underdiagnosed and undertreated, demonstrating a gap in care for these patients [12] . Given the burden associated with anxiety, it is important that practitioners have an approach to detection [13] . Brief neuropsychiatric questionnaires can be used as they ideally provide a convenient and accurate format for detection. Our objective was to examine which anxiety tools or questionnaires are valid and accurate when compared with a diagnostic standard for the detection of anxiety symptoms in those experiencing dementia. To our knowledge, there is no prior review that specifically focuses on the accuracy of anxiety tools in this population compared with a diagnostic gold standard. 
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Methods
A systematic review was conducted, following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis reporting items for diagnostic accuracy studies [14] . This systematic review protocol was registered with PROSPERO (CRD42016042123) [15] .
The search strategy focused on three major clusters of terms for dementia, anxiety, and diagnostic accuracy terms (Supplementary Material 1) . The databases included were MEDLINE, EMBASE, and PsycINFO. The keywords and controlled vocabulary (MeSH, EMTREE, and PsycINFO terms) were combined within the cluster with OR. Between cluster terms were combined with AND. There were no restrictions for date or language used. The search was initially constructed by a study researcher (Z.G.) and was reviewed by an experienced health sciences librarian. The search was completed on February 1, 2017.
Gray literature, literature not found in the traditional journals or databases, (listed in Supplementary Material 2) was identified using the CADTH Gray Matters Guide [16] and study authors' content knowledge. Each source was searched using dementia and anxiety terms, and results were reviewed for inclusion. References of included studies were also searched.
Six authors reviewed abstracts (Z.G., Z.I., L.S., R.S., S.C., F.A.); all abstracts were reviewed in duplicate, and any article included by either author was also included in full-text review. Abstracts were included if they discussed the use of any tool specific for anxiety or included an anxiety item within the tool and applied it on patients with dementia. Two authors (Z.G. and L.S.) reviewed all full-text articles. At the full-text stage, disagreement was resolved by discussion and a third author if needed. Full-text articles were included if the study used an anxiety tool and gold standard in patients experiencing dementia. Gold standards considered for inclusion were any criterion-based interviews (e.g., based on the Diagnostic Statistical Manual [11] , any version, or International Classification of Disease, any version) [17] or a clinical interview by a trained practitioner (e.g., nurse or physician). These gold standards included represent what is the current diagnostic standard. Patients of any age, with any type of dementia, and from any setting (inpatient or outpatient) were included. If the article did not report the diagnostic accuracy outcomes (e.g., sensitivity, specificity, and so forth), authors were emailed to see if these data were available.
Risk of bias of included studies was evaluated independently by two authors (Z.G. and J.H.-L.) in duplicate using the Quality Assessment for Diagnostic Accuracy Studies-2 [18] . Any disagreement on risk-of-bias assessment was resolved by discussion.
Data were extracted from included studies with a standardized form that included study authors, year, country, sample size, tool name, clinical location, dementia severity tool, method of determining dementia diagnosis, subtypes of dementia reported mean age, percent female, prevalence of anxiety, number of items on scale used, best reported cutoff, rater of the tool, gold standard used for anxiety, subtypes of anxiety included, sensitivity, specificity, likelihood ratios, and area under the curve. Data from included full-text articles were extracted by one author (Z.G.) and verified by a second (L.S.).
Meta-analysis of prevalence, sensitivity, specificity, and likelihood ratios was planned. To do so, each tool needed to have 4 independent studies reporting these outcomes. Any statistical analyses were completed using STATA v13.
Results
The database search retrieved 11,529 citations, with 7657 from databases once duplicates were removed ( Fig. 1 ). There were 1969 citations from the gray literature, with a further 23 from included study references. A total of 1101 full-text articles were reviewed, and the most common reasons for exclusion were studies not using a gold standard or reporting diagnostic accuracy outcomes (n 5 547), no dementia subgroup (n 5 173), nonoriginal research (e.g., letters, narrative reviews) (n 5 112), and no anxiety tool used (n 5 94). At the full-text stage, agreement between reviewers was 98.4% (k 5 0.56; 95% confidence interval, 0.37, 0.75). Four articles met inclusion criteria and were included.
Of the 547 excluded studies that examined anxiety tools in dementia patients without a gold standard, the most commonly used tools were Neuropsychiatric Inventory (NPI) (n 5 379), Behavioral Pathologic Rating Scale for Alzheimer's disease (n 5 39), Rating Anxiety in Dementia (RAID) (n 5 25), Hospital Anxiety and Depression Scale (n 5 25), and the Hamilton Anxiety Rating Scale (n 5 10).
To clarify study data, we attempted to contact 29 study authors. We were only able to contact 27 authors because two studies had no contact information. We had a return email rate of 40.7%, with 4 authors sending us further information that was reviewed.
There were several areas where risk of bias was rated as unclear on the Quality Assessment for Diagnostic Accuracy Studies-2 (Table 1 ). There were 2 of 4 studies with unclear risk of bias in each of the following domains: patient selection [4, 19] , index tests [4, 6] , and flow and timing [6, 19] . Risk of bias was unclear for the reference standard in 3 of 4 studies [4, 6, 19] . Specifically, it was not clear if the index and reference standards were interpreted independently. Flow and timing difficulties primarily reflect a lack of reporting of the time between the index and reference standards. Applicability concerns were seen in two studies [4, 19] , in which there was a high risk of bias for patient selection compared with other studies as these studies recruited patients who already had a score on the NPI anxiety item of 4 and thus may not be representative of a general dementia population.
Studies enrolled 32 to 101 participants, who were predominately females (56.1%-78.2%), aged between 78.6 and 86 years ( Table 2) . Among included studies, participants had mild to moderate dementia and a variety of dementia subtypes. Studies were conducted in the UK, Norway, and United States. There were several care settings, such as subspecialty clinics, day care centers, day hospitals, nursing homes, and hospital wards.
The prevalence of anxiety was between 27.7% and 63.4%, based on the gold standard assessments. The anxiety gold standard was primarily the Diagnostic and Statistical Manual (DSM) versions IVor V [11] . Anxiety disorders discussed in the included articles varied. Some included only GAD, and others included any anxiety diagnosis (e.g., GAD, panic disorder, anxiety not otherwise specified, and posttraumatic Stress disorder). Meta-analysis of prevalence was not completed due to clinical heterogeneity among the types of anxiety compared.
Included tools (Table 2) were the abbreviated Penn State Worry Questionnaire (self-rating and collateral versions) (PSWQ) [4] , the RAID (English and Norwegian version) [6, 9, 18] , and the Geriatric Anxiety Inventory (self-rating and collateral versions) (GAI) [4] (Table 3 , tool properties).
The RAID was validated in three separate studies, unlike the PSWQ and GAI that were both only validated in single studies. Among cutoffs that balance sensitivity and specificity, the RAID had the highest sensitivity at 90% across two studies [6, 19] . The PSWQ was the most specific one at 93% [4] . The area under the curve was highest for the collateral version of the GAI (0.81) and RAID (0.8). Abbreviations: N, sample size; NR, not reported; SN, sensitivity; SP, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio; AUC, area under the curve; DSM, Diagnostic and Statistical Manual; MINI, Mini International Neuropsychiatric Interview; GAD, generalized anxiety disorder; NOS, not otherwise specified; PTSD, posttraumatic stress sisorder; AD, Alzheimer's disease; VAD, vascular dementia; FTD, frontotemporal dementia; LBD, Lewy body dementia; SD, standard deviation; CDR, Clinical Dementia. *Best meaning-optimal balance of sensitivity and specificity as reported by authors.
y Patients recruited from the same CBT trial.
z Includes patients with CDR 0.5 or minor neurocognitive disorder.
x Note all rows from Bradford et al. represent the same study, with each row outlining a different tool or version of a tool.
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There were 83 patients in the study but only 24 completed the DSM assessment.
There were not enough studies per tool to complete a metaanalysis.
Discussion
Anxiety symptoms commonly affect those with dementia [1] , and brief neuropsychiatric questionnaires provide means for detection of these symptoms. Despite this, we identified only 3 tools that have been validated compared with a gold standard. This demonstrates that there is still a gap in the literature when it comes to validating tools for anxiety disorders in patients experiencing dementia. This lack of validation is probably related, at least in part, to the absence of agreed-upon criteria for the diagnosis of anxiety disorders in those with dementia [5] .
Despite this, there are some valid tools that should be considered for use in practice. The RAID was validated in 3 studies and was also commonly used in excluded studies (n 5 25). This tool was developed specifically to examine anxiety in those experiencing dementia. It was constructed based on the available criteria for anxiety, such as the DSM-III-R, DSM IV, and International Criteria for Diagnosis version 10 [6] , as well as available anxiety tools. For the RAID, sensitivity ranges from 85% to 90% and specificity from 56% to 79% [6, 9, 19] . The high sensitivity of this tool compared with others is ideal for detection as this confers the low false-negative rate. However, it is noted that there is a wider range in the specificity of the RAID, with the Norwegian version having the lowest at 56% [9] and the English version between 67 and 79% [6, 19] . The specificity may vary as these three articles have differing populations, with the Norwegian study focusing solely on those living in long-term care [9] and the other two English studies looking at inpatients and specialty clinics as well [6, 19] . It would be important for future studies to evaluate the differences between different locations.
The PSWQ and GAI were studied as self-and collateralrating versions; in both cases, the collateral versions had higher sensitivity [4] . The collateral source GAI has the most items of the three tools and the highest specificity at 93% [4] . However, the sensitivity of these tools was lower than that of the RAID tool.
When it comes to application in the clinical setting, the PSWQ [4, 21, 22] has the fewest questions (8) , and only the GAI is copyrighted [4, 20] . The PSWQ [4, 21, 22] and GAI [4, 20] are self-rating or proxy rating scales. The RAID has 18 rated items and 2 descriptive items, and it has been traditionally administered by trained personnel (e.g., clinician) based on multisource feedback (e.g., chart, collateral, and so forth) [6] . There is little published information on time for administration for these tools.
Caregivers often provide collateral information to healthcare providers when it comes to neuropsychiatric symptoms [5] . On the one hand, this is felt to improve the accuracy of the reporting of symptoms when the person with dementia perhaps has trouble with expressing or recalling their symptoms [5] . But, on the other hand, there may be concerns that the caregiver rating may differ from the physician or patient rating [13, 23] . When anxiety was rated on the NPI in patients with Alzheimer's disease, it was seen that there were frequent disagreements between caregivers and physicians when rating anxiety (among other symptoms) [13] . This was prominent in those with mild dementia, with diminishing discrepancy as dementia severity increases [13] . Similarly, another study found that caregiver ratings of anxiety in persons with dementia had poor correlation with patient scores on anxiety tools [23] . In the included studies, the tools with the highest sensitivity are those that include a collateral source, in conjunction with information from the person living with dementia. Further work is needed to establish the comparative accuracy between the self-rated and proxy-rated anxiety tools. Although the identified tools were validated against a gold standard for anxiety, the question remains as to what is the best gold standard for anxiety in those experiencing dementia [5] . There are currently no universally accepted criteria for anxiety disorders in those with dementia [8] . The gold standards used in the included studies were primarily based on the DSM IV or V [11] . However, certain symptoms in the DSM V for GAD, for example, "difficulty concentrating," directly overlap with the symptoms of dementia [11] . Therefore, health-care providers need to consider these symptoms carefully when diagnosing GAD in these patients [11] . In two studies, they used a gold standard focused on GADs [6, 9] , and the others included all anxiety disorders. It is not clear which of these criteria are most representative of the anxiety symptoms experienced in dementia. In addition, the study looking at the PSWQ and GAI based their anxiety diagnoses on a review of the medical record, whereas the other studies used DSM diagnoses or clinical diagnoses. These differences in anxiety diagnosis can also effect the accuracy outcomes; a study comparing the use of chart versus clinical diagnosis would confirm this.
Starkstein et al. [8] explored the validity of DSM version 4 and International Criteria for Diagnosis version 10 criteria for GAD in the setting of those experiencing dementia. Based solely on the core criteria of having "excessive anxiety and worry present for more days than not for at least 6 months causing significant distress" they found that 26% (n 5 144 of 552) had these symptoms [8] . Their analysis identified that important symptoms associated with core criteria were muscle tension, fears, restlessness, irritability, and respiratory symptoms [8] . Given the lack of clarity, there needs to be further work to evaluate which gold standard is best for the diagnosis of anxiety in those with dementia, considering the construct of "clinically relevant anxiety" symptoms.
Based on the findings of this review, there are many tools being used to measure anxiety in those with dementia but only minimal studies validating their use. We were inclusive at the abstract level and found 527 articles, which examined a population of or including persons with dementia and used an anxiety tool. The primary focus of these excluded studies was examining prevalence or treatment of neuropsychiatric symptoms; thus, their focus was not on diagnostic accuracy. However, this demonstrates a wide range of tools being used as primary or secondary outcomes to measure anxiety in those with dementia, which have unclear accuracy. As a result, studies using these less validated tools may be vulnerable to inaccuracy in these main outcomes via measurement bias.
The NPI was also commonly used in studies. However, the diagnostic accuracy for the subdomain of anxiety in those experiencing dementia was not identified in this review. When measuring anxiety as an outcome, there is a dichotomy between the general neuropsychiatric scales (e.g., not focused on anxiety alone) and the specific anxiety tools.
We found no studies that contrast the accuracy of general versus anxiety-specific questionnaires in dementia; thus, there is no sufficient evidence to comment on any potential differences in accuracy. However, given the general scales typically have few anxiety questions, their specificity is potentially lower.
Based on this review, there are several other possibly effective anxiety tools that have not yet been validated, and further studies should explore these (e.g., Anxiety in Cognitive Impairment and Dementia scale [24] ) and could also explore direct comparison of different anxiety tools.
The accuracy of anxiety tools is not clear in those with severe dementia because the patients included in studies primarily had mild to moderate dementia. Similarly, few studies examined different languages and cultural differences in the applications of these tools. We are also not able to comment on differences in tool accuracy between subtypes of dementia or based on the participants' environment (e.g., care facility vs. home). Future work should evaluate different living settings, pathologies, and severities of dementia.
Limitations
It is possible we could be missing relevant articles; to address this, we were inclusive in our database search, gray literature search, and article inclusion. As the measured gold standards included several different types of anxiety, we did not complete a meta-analysis of prevalence because the clinical heterogeneity was perceived to be too high. Owing to too few studies, we were unable to complete a meta-analysis of diagnostic accuracy.
Conclusion
This review has identified three validated tools for detecting anxiety symptoms in those experiencing dementia: RAID, PSWQ, and GAI. When considering anxiety tools, practitioners need to balance tool accuracy and ease of use. The RAID has the highest sensitivity for anxiety disorders, includes a caregiver interview, and was specifically designed for those experiencing dementia. Further work is needed to examine the accuracy of different anxiety detection tools in diverse populations experiencing dementia. financial disclosures. J.H.-L. is a research chair from the Brenda Strafford Foundation.
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RESEARCH IN CONTEXT
1. Systematic review: The authors of this study followed the methods of systematic review as per the Preferred Reporting Items for Systematic Reviews and Meta-Analysis checklist and registered the search in PROSPERO. Three databases, as well as several grey literature sources, were searched. Anxiety symptoms are common in persons living with dementia, and accurate tools are needed to detect these symptoms.
2. Interpretation: Although anxiety is common and has adverse effects on persons living with dementia, there are few tools validated against a diagnostic gold standard for use in this population.
Further directions:
Further studies are needed to examine the validity of anxiety tools in persons living with dementia, specifically in those with severe dementia, living in long-term care or with less common pathologies.
